However, the effects of PACS on the financial performance of medical institutions have not been studied widely because of the difficulty in obtaining satisfactory performance data.
The purpose of this study is to assess the association of the implementation of PACS with the inpatient and outpatient revenue of a general hospital using the actual revenue of all general hospitals in Korea.
MATERIALS AND METHODS

Subjects
We analyzed every general hospital in Korea that submitted insurance claim data to the Korean National Health Insurance Corporation (KNHIC) from 1996 through 1999 after excluding hospitals that opened or closed during the study period. Therefore, 4 years of panel data (848) were available from 212 hospitals.
The status of PACS implementation was obtained from a survey conducted by the Korean Society of Medical Informatics (KOSMI) in 1998. 1 The hospital's revenue and characteristics were obtained from the KNHIC. The regional socioeconomic characteristics were obtained from the yearbook published by the Korean Statistical Bureau and local governments.
Statistical analysis
Variables were analyzed by either t test (for dummy independent variables) or by analysis of variance (ANOVA) (for continuously independent variables) after grouping them into four categories using interquartile. We also conducted multivariate analysis to control for the effects of confounding variables. However, multiple regression analysis with ordinary least square (OLS) could not be used because the study data were repeated measures data that did not meet the independence assumption for OLS. 6 Moreover, the randomized block design for repeated measures data could not be used here because all observations within the blocks were not correlated equally. Accordingly, we used the mixed model with a special parametric structure of covariance matrices. 6 Autoregressive order 1 covariance was chosen for the covariance structure of our model using AIC (Akaike' Information Criterion) and SBC (Schwarz' Bayesian Criterion). This analysis was performed according to the PROC MIXED procedure in SAS version 8.1.
Variables
The dependent variable was annual revenue from 1996 through 1999. These revenue data were adjusted to the current value of the year 1996 using an annual increase rate in the fee schedule (ie, 8.15% in 1997, 7 .68% in 1998, and 3.90% in 1999).
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The independent variables were status of PACS implementation, population size, state of competition, inhabitant's income, location of the hospital, hospital size, whether a tertiary hospital, and whether public or private, which were selected by the prior socioeconomic studies about the revenue of hospitals. Although controlling natural trend by mixed model, we also controlled for the effect of the year (ie, 1997 Asian crisis) using dummy variables. All independent variables except the status of PACS implementation were considered as confounding variables influencing the revenue, so these were controlled to examine the more valid association of PACS with the revenue of general hospital.
The status of PACS implementation was determined by the published data of KOSMI. KOSMI surveyed the year when the hospital introduced PACS to information system directors of all of Korean general hospitals by questionnaire and telephone survey. 1 Therefore, we had to use ''whether introduced PACS'' as independent variable regardless of the scope, network, or interfaces of implemented PACS.
The administrative units for population, competition, and income were city, county, and district. Competition was defined as the number of hospitals within the unit. Income was defined as the inhabitant tax per capita adjusted by the inflation rate. Location of the hospital was defined as either urban or rural. Hospital size was expressed in terms of the number of physicians and beds. We allowed a one-year time lag for revenue data after PACS introduction to reflect the delayed effects of PACS on revenue.
RESULTS
The characteristics of general hospitals are listed in Table 1 . Eleven hospitals (5.2%) had introduced PACS in 1996, and 17 hospitals (8.0%) had introduced it in 1999. The percentages of tertiary care and public hospitals in the hospitals that introduced PACS were higher then those in the hospitals that did not. The mean number of beds and physicians of the hospital that introduced PACS were greater than those of the hospital that did not.
The results of the univariate analyses are listed in Table 2 . The outpatient and inpatient revenues from 1996 through 1999 for hospitals that introduced PACS were greater than those of the hospitals that did not, based on univariate analysis. However, it was not significant, except for the outpatient revenue in 1999. The relationships between revenues and the tertiary status of a hospital, and the urban status of a hospital, the number of physicians, the population of the district, and the inhabitant tax per capita were statistically significant from 1996 through 1999. However, the number of competing hospitals was found to be positively related to the outpatient and inpatient revenues, and the revenue differences of public and private hospitals were not significant except the outpatient revenue in 1996.
The results of the multivariate analyses are listed in Table 3 . Our analysis of the 4 years' panel data of 212 hospitals from 1996 through 1999 showed that the revenues from both inand outpatient departments were significantly higher one year after the introduction of PACS, while controlling for the confounding variables (P<.01). The relationships between revenue and the number of beds and physicians, and the tertiary status of a hospital were statistically significant. In addition, the relationships between outpatient revenue and the urban status of a hospital also were statistically significant. However, the relationships between revenue and population size, and the number of competing hospitals, and the inhabitant tax per capita were not statistically significant.
DISCUSSION
It is known that the use of information technology (IT) can increase the competitiveness and the productivity of the enterprises by improving customer service, reducing production cost, and inhibiting market penetration by competing enterprises. 8, 9 However, the effects of IT introduction on organizational perfor-mance have not been studied systematically, and the majority of studies have been limited to the effects of IT introduction on user satisfaction and efficiency, or on performance within a division using IT.
10 Similarly, the effect of PACS, which is an essential component of a hospital information system (HIS), has not been well studied.
In previous studies, after transition from the file-based to filmless operation, technologists reported reduction in perceived levels of stress and fatigue, 5, 11 and Chan et al 12 reported that their experience with PACS has been successful, with a high degree acceptance and satisfaction of referring physicians. The virtual radiologist feature was very powerful and greatly appreciated by the referring physicians and radiologists. These factors could improve the staff's satisfaction. Arenson 2 described that patient care could improve with faster access to images, and faster access also leads to earlier actions on patients in acute situations such as in the in- Deflated by increase rate of fee schedule for health insurance. tensive care units. The combination of computed radiology and softcopy interpretation often has resulted in a major decrease in the need to retake images, thereby improving the quality of service to the patient. 13 Moreover, Reiner et al 14 reported the association of the transition to filmless operation with increases in inpatient and outpatient utilization of radiologic services that could more directly affect the revenue of hospitals. Therefore, improving staff's satisfaction and quality of service with increasing staff's productivity as described in the introduction could lead to increased number of patients and increased revenue for the hospital. The result of multivariate analysis for the number of patients by the same model and variables also showed that both the number of patients also were statistically significantly higher one year after introduction PACS (Table 4) . The results of our study show that both outpatient and inpatient revenue were higher one year after the introduction of PACS.
ASSOCIATION OF THE IMPLEMENTATION OF PACS WITH HOSPITAL REVENUE
However, the revenue of a hospital is related to the social security system, which differs from country to country. The National Health Insurance System of Korea is the social insurance, covering the whole population and including whole medical institutions. Beneficiaries should pay 20% of total inpatient care expenses, and 60% to 65% of total outpatient care expenses in general hospitals depending on whether it is a tertiary hospital. The current payment plan is based mainly on a fee-for-service scheme paid on a per-visit and a per-procedure basis. However, the government is planning to introduce a case payment system, which is known as diagnosis-related groups (DRG). Therefore, the pilot project of DRG is being applied to eight categories for some volunteer hospitals: cesarean section, tonsillectomy, appendectomy, cataract operation, normal delivery, hysterectomy, abdominal hernia. 15 Specifically, the relationships between revenue and the number of beds and physicians, and the tertiary status of a hospital were not only consistent with the findings of other studies but were statistically significant. In addition, the relationship between outpatient revenue and urban status of hospital also was consistent with the findings of other studies and statistically significant.
The relationship between the number of competing hospitals and hospital revenue was not consistent with other studies by the univariate analysis but was consistent with other studies by multivariate analysis. This may have been the result of the effects of confounding variables, such as the number of beds, the number of physicians, the tertiary status of the hospital, and urban status of the hospital. Correlation analysis showed that competition was correlated positively with these variables. Therefore, it seems that both outpatient and inpatient revenues decreased as competition increased.
The primary strength of our study is the accuracy of each hospital's actual revenue and the comprehensive scope, in that all general hospitals in Korea were included. One organization, KNHIC, under the control of the Korean government pays all medical insurance claims submitted by all hospitals. Therefore, the data obtained from KNHIC for our study was the actual and accurate payments to general hospitals from 1996 through 1999. Second, we allowed a one-year time lag between the implementation of PACS and the revenue data for reflecting on the temporal relationship between the two. Third, we separately analyzed the effects of PACS on outpatient and inpatient revenue, because content, process, case mix and copayment rate of inpatient care differ from those of outpatient care. Fourth, we controlled various economic confounding variables to investigate the more valid association of implementation of PACS with the revenues.
There are some limitations in our study. First, we had to use only the implementation PACS as the independent variable, because KOSMI surveyed only the year in which the hospital introduced PACS. However, the scope of PACS service, the amount of filmless operation, and the number and kinds of modalities connected to PACS, possibly are more related to hospital financial performance. Second, comprehensive economic feasibility could not be determined because the cost of implementing PACS was not considered in our study. Third, it is possible that various biases exist in our study. Because size of radiology department, number of imaging examinations per year, level of imaging technology, and other information technology such as Physician Order Entry system were not controlled, and the revenues of the radiology department were not used as dependent variables in this study. For example, despite a controlled natural increase and various control variables by mixed model, there is the possibility that PACS was introduced in hospitals that anticipated an increase in revenue.
CONCLUSION
Although the causality needs to be clarified, the implementation of PACS was correlated significantly to the increased amount of inpatient and outpatient revenue, while controlling for various confounding variables. In the future, the effects of different types and characteristics of PACS on the performance of hospitals should be examined. In addition, the costs of PACS should be included by using case studies where detailed data collection and multiinstitutional collaboration are possible.
